Gravitational field in general relativity is a manifestation of spacetime curvature and (unlike the electromagnetic field) is not a force field. A body falling toward the Earth is represented by a geodesic worldline which means that no force is acting on it. If a body is on the Earth's surface, however, its worldline is no longer geodesic and it is subjected to a force. The nature of that force is an open question in general relativity. This paper pursues two aims -to bring forward that question and to develop an approach toward resolving it which was initiated by Fermi in 1921.
General relativity provides a consistent no-force explanation of gravitational interaction of bodies following geodesic paths. However, it is silent on the nature of the force acting upon a body deviated from its geodesic path. Here it will be shown that a corollary of general relativity -that the propagation of electromagnetic signals (for short light) in a gravitational field is anisotropic -in conjunction with the classical electromagnetic mass theory [1] - [6] sheds some light on the nature of that force in the case of charged particles.
Consider a classical [7] electron at rest in the non-inertial reference frame N g of an observer supported in the Earth's gravitational field. Following Lorentz [4] and Abraham [5] we assume that the electron charge is uniformly distributed on a spherical shell. The repulsion of the charge elements of an electron in uniform motion in flat spacetime cancels out exactly and there is no net force acting on the electron. As we shall see bellow, however, the anisotropic velocity of light in N g (i) gives rise to a self-force acting on an electron deviated from its geodesic path by disturbing the balance of the mutual repulsion of its charge elements, and (ii) makes a free electron fall in N g with an acceleration g in order to balance the repulsion of its charge elements. No force is acting upon a falling electron (whose worldline is geodesic) but if it is prevented from falling (i.e. deviated from its geodesic path) the velocity of light with respect to it becomes anisotropic and disturbs the balance of the mutual repulsion of the elements of its charge which results in a self-force trying to force the electron to fall. This force turns out to be precisely equal to the gravitational force F = m g g, where m g = U/c 2 represents the passive gravitational mass of the electron and U is the energy of its field.
In 1921 Fermi [8] studied the nature of the force acting on a charge at rest in a gravitational field of strength g in the framework of general relativity and the classical electromagnetic mass theory. The potential
he derived, however, contains the 1/2 factor in the parenthesis which leads to a contradiction with the principle of equivalence when the electric field is calculated from this potential: it follows from (1) that the electric field of a charge supported in the Earth's gravitational field coincides with the instantaneous electric field of a charge moving with an acceleration a = −g/2 (obviously the principle of equivalence requires that a = −g). Now we shall see that the anisotropic velocity of light in a gravitational field gives rise to a Liénard-Wiechert-like contribution to the potential ϕ which removes the 1/2 factor in (1). The average anisotropic velocity of light between two points in a gravitational field can be obtained either from the 1911 Einstein velocity of light c ′ = c 1 + ∆Φ/c 2 [9] , where ∆Φ is the difference of the gravitational potential at the two points, or by considering two extra light rays parallel and anti-parallel to the gravitational acceleration g in the Einstein thought experiment involving an elevator at rest on the Earth's surface (see Figure 1 ) [10] .
Three light rays are emitted simultaneously in the elevator (representing a non-inertial reference frame N g ) from points D, R, and S toward point M . Let I be an inertial (falling) reference frame instantaneously at rest with respect to N g at the moment the light rays are emitted. The emission of the rays is simultaneous in N g as well as in I. At the next moment an observer in I sees that the elevator moves upward with an acceleration g. Therefore the three light rays arrive simultaneously at point O (as seen from I) since for the time t = r/c the elevator moved at a distance δ = gt 2 /2 = gr 2 /2c 2 . As the simultaneous arrival of the three rays at O in I is an absolute event, it follows that the rays arrive simultaneously at O as seen from N g as well. Since for the same coordinate time t = r/c in N g the three light rays travel different distances DO ≈ r, SO = r + δ, and RO = r − δ before arriving simultaneously at point O an observer in the elevator concludes that the average downward velocityc ↓ of the light ray propagating from S to O is greater than c
The average upward velocityc ↑ of the light ray propagating from R to O is smaller than c
The vector form of the average light velocity in N g can be obtained if S and O are taken to lie on a line making an angle with g:
Three light rays propagate in an elevator on the Earth's surface. After having been emitted simultaneously from points D, R, and S the rays meet at O (the ray propagating from D toward M , but arriving at O, represents the original thought experiment considered by Einstein). The light rays emitted from R and S are introduced in order to determine the expression for the average anisotropic velocity of light in a gravitational field. It takes the same coordinate time t = r/c for the rays to travel the distances DO ≈ r, SO = r + δ, and RO = r − δ. Therefore the average velocity of the downward ray from S to O isc ↓ = (r + δ)/t ≈ c(1 + gr/2c 2 ); the average velocity of the upward ray from
The anisotropic velocity of light (2) leads to two changes in the scalar potential
of a charge element of an electron at rest in N g ; here ρ is the charge density, dV g is a volume element of the charge and r g is the distance from the charge to the observation point determined in N g . First, analogously to representing r as r = ct in an inertial reference frame [11, p. 416 ], r g is expressed as r g =c g t in N g . Assuming that g · r/2c 2 < 1 we can write: LW appears greater than dV (in the direction of its velocity) due to its greater contribution to the potential since it "stays longer within the information-collecting sphere" [12, p. 343] sweeping over the charge at the velocity of light c in I. By the same argument the anisotropic volume element dV g also appears greater than dV in N g : in a direction opposite to g the velocity of the information-collecting sphere (which propagates at the velocity of light (2) in N g ) is smaller than c since for light propagating against g g · r = −gr in (2); therefore dV g stays longer within the sphere and contributes more to the potential in N g . Consider a charge of length l at rest in N g placed along g. The time for which the information-collecting sphere sweeps over the charge in N g is
where ∆t = l/c is the time for which the information-collecting sphere propagating at speed c sweeps over an inertial charge of the same length l in its rest frame. When the information-collecting sphere moves against g in N g its velocity is smaller than c; this means that the charge stays longer within the sphere (since ∆t g > ∆t) and its contribution to the scalar potential is greater. This is equivalent to saying that the greater contribution comes from a charge of a larger length l g which for the same time ∆t g is swept over by an information-collecting sphere propagating at velocity c:
2 . The anisotropic volume element which corresponds to such an apparent length l g is obviously
Substituting (4) and (5) into (3) we obtain the scalar potential of a charge element ρdV g of the electron
or if we keep only the terms proportional to c −2 we get
As seen from (6) making use of dV g instead of dV accounts for the 1/2 factor in (1). Now we can calculate the electric field of a charge element ρdV g of an electron at rest in N g by using only the scalar potential (6):
The distortion of the electric field (7) is caused by the anisotropic velocity of light (2) in N g . For the distorted field of the whole electron charge we find
The self-force with which the field of an electron interacts with an element ρdV g 1 of its charge is
Due to the distorted electric field (8) of an electron at rest in N g the mutual repulsion of its charge elements does not cancel out. As a result a non-zero self-force with which the electron acts upon itself arises:
After taking into account the explicit form (5) of dV g 1 (10) becomes
Assuming a spherically symmetric distribution of the electron charge [4] and following the standard procedure of calculating the self-force [15] we get:
where
is the electrostatic energy of the electron. The famous 4/3 factor does not appear in (11) since the correct volume element (5) was used in (10) . As U/c 2 is the mass associated with the electron energy U , (11) obtains the form:
where m g = U/c 2 is interpreted as the electron passive gravitational mass. The integration of (12) from the radius of the electron spherical shell r e to infinity yields U = e 2 /8πǫ 0 r e [13, p. 28-1] , where e is the electron charge. The mass m g = e 2 /8πǫ 0 c 2 r e coincides with the observed mass of the electron for r e = r 0 /2, where r 0 is the classical electron radius.
As (13) shows an electron whose worldline is not geodesic (since it is at rest in N g ) is subjected to the selfforce F originates from the unbalanced repulsion of the electron charge elements due to their distorted fields (7) which in turn are caused by the anisotropic velocity of light in N g . Thus the classical electromagnetic mass theory in conjunction with the general-relativistic fact of the anisotropic velocity of light in a gravitational field provides an insight into the nature of the force acting on an electron (or any charged particle) deviated from its geodesic path. Now the question is whether the approach outlined above predicts that a falling electron is subjected to no force as required by general relativity. To verify this let us calculate the electric field of an electron falling in the Earth's gravitational field with an acceleration a = g. We note that the Liénard-Wiechert potentials must include the correction due to the anisotropic velocity of light in N g :
The electric field of an electron falling in N g (and considered instantaneously at rest in N g [16] ) obtained from (14) and (15) is:
which reduces to the Coulomb field
Therefore the instantaneous electric field of a falling electron is not distorted. This demonstrates that the repulsion of its charge elements is balanced, thus producing no self-force. This result sheds light on the question why in general relativity an electron is falling in a gravitational field "by itself" with no force acting on it. As (16) shows, the only way for an electron to compensate the anisotropy in the propagation of light and to preserve the Coulomb shape of its electric field is to fall with an acceleration g. If the electron is prevented from falling its electric field distorts (disturbing the balance of the repulsion of its charge elements), the self-force (13) appears and tries to force the electron to fall in order to eliminate the distortion of its field; if the electron is left to fall its Coulomb field restores, the repulsion of its charge elements cancels out and the self-force disappears [18] . To summarize, the study of the open question in general relativity -what is the nature of the force acting upon a body deviated from its geodesic path -by taking into account the classical electromagnetic mass theory provides an insight not only into that question (in the case of the classical electron) but also into the question why a falling electron (whose worldline is geodesic) is subjected to no force.
